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57 ABSTRACT 
Disclosed herein is a thin film field effect transistor and 
a method for producing such a thin film transistor. The 
thin film transistor has a transistor gate and thin film 
active and channel regions. The transistor gate has a top 
surface and sidewalls which are coated with a thin gate 
insulating layer. A thin semiconductor film is provided 
over the transistor gate and thin gate insulating layer to 
form a conductively doped thin film channel region and 
conductively doped thin film active regions. The thin 
film channel region contacts the thin gate insulating 
layer opposite the transistor gate top surface and oppo 
site the sidewalls. The transistor gate sidewalls in opera 
tion gate the opposite thin film channel region through 
the thin gate insulating layer. The thin film field effect 
transistor can be fabricated over an underlying MOS 
FET to form a CMOS inverter with the transistor gate 
being common to both the thin film transistor and the 
MOSFET. In this configuration the thin film channel 
region contacts the thin gate insulating layer opposite 
an underlying MOSFET active region. The underlying 
active region in operation gates the opposite thin film 
channel region through the thin gate insulating layer. 

18 Claims, 6 Drawing Sheets 
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THIN FILM FIELD EFFECT TRANSISTOR, CMOS 
INVERTER, AND METHODS OF FORMING THIN 
FILM FIELD EFFECT TRANSISTORS AND CMOS 

NVERTERS 

TECHNICAL FIELD 

This invention relates to methods and structures for 
forming thin film field effect transistors and for aligning 
channel regions in such thin film transistors. 

BACKGROUND OF THE INVENTION 

FIG. 1 shows a prior art semiconductor circuit 10 in 
which a p-channel thin film transistor is formed over an 
underlying n-channel metal oxide semiconductor field 
effect transistor (MOSFET). The transistors are con 
nected to form a CMOS inverter. 
The underlying MOSFET comprises heavily doped 

n-type (n+) underlying transistor active regions 12 and 
14 formed in a lightly doped p-type (p-) silicon or 
other semiconductor substrate 16, a channel region 18 in 
substrate 16 between underlying n + active regions 12 
and 14, and a conductively doped polysilicon gate 20 
over channel region 18. Gate 20 has a top surface 22 and 
sidewalls 24. An underlying gate oxide layer 26 insu 
lates gate 20 and channel region 18 from each other. 
Gate 20 functions as a gate for both the MOSFET 

and the thin film transistor. Spacers 38 are formed along 
gate sidewalls 24 to a thickness of which is generally 
over 1000 Angstroms. Spacers 38 are used to create 
lightly doped regions within underlying MOSFET ac 
tive regions 12 and 14 beneath spacers 38. The lightly 
doped regions are created by performing a light im 
planting or active regions 12 and 14 before spacers 38 
are formed on sidewalls 24. A heavier implanting of 
active regions 12 and 14 is performed after spacers 38 
are formed, with spacers 38 blocking or restricting the 
heavier implanting thereunder. 
The thin film transistor comprises gate 20, heavily 

doped p-type (p--) thin film active regions 30 and 32, 
and a thin film channel region 34 between thin film 
active regions 30 and 32. Thin film channel region 34 is 
slightly offset from transistor gate top surface 22, ex 
tending somewhat beyond transistor gate top surface 
22. Such an offset reduces leakage current in thin film 
transistors. Channel region 34 is formed of lightly 
doped n-type (n-) silicon. 
An isolation oxide layer 36 insulates gate 20 and un 

derlying active regions 12 and 14 from thin film active 
regions 30 and 32 and from thin film channel region 34. 
Isolation oxide layer 36 typically has a thickness of 
greater than about 2000 Angstrons over underlying 
active regions 12 and 14 to isolate the MOSFET from 
the thin film transistor. Isolation oxide layer 36 is thin 
ner over transistor gate top surface 22 so that gate 20 
will gate thin film channel region 34. Isolation oxide 
layer 36 has a typical thickness over top surface 22 of 
about 100 Angstroms to about 800 Angstroms. 
Underlying active region 12 forms the source of the 

underlying n-channel MOSFET and is typically con 
nected to Vs or ground. Thin film transistor active 
region 30 forms the source of the underlying p-channel 
thin film transistor and is typically connected to Vcc or 
a positive logic voltage. Underlying active region 14 
forms the drain of the MOSFET and thin film active 
region 32 forms the drain of the thin film transistor. The 
two drains are connected to a common n -- conductive 
runner 40. Semiconductor circuit 10 thus forms a 
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2 
CMOS inverter. Gate 20 forms the input of the inverter 
and conductive runner 40 forms the output. 
A problem arises in prior art thin film transistors such 

as described above when the junction between thin film 
source 30 and thin film channel region 34 is not accu 
rately aligned with gate 20. FIGS. 2 and 3 show exam 
ples of inaccurate gate alignment. 

In FIG. 2, the junction between thin film source 30 
and thin film channel region 34 is located too far in the 
direction of thin film drain region 32. This alignment 
results in an offset region, indicated by the reference 
numeral 50, which is significantly longer than the corre 
sponding optimal offset region of FIG. 1. The longer 
offset region decreases the transistor's conductivity 
when turned on. 

In FIG. 3, the junction between thin film source 30 
and thin film channel region 34 is located too far in the 
direction of thin film source region 30. A portion of 
channel region 34, indicated by the reference numeral 
52, overlies spacer 38 and is not gated at all. In addition, 
there is no offset region since the junction between thin 
film drain region 32 and thin film channel region 34 is 
directly over gate 20. Without an offset region, the 
transistor shown in FIG. 3 has a significantly larger 
leakage current than the transistor shown in FIG. 1. 
The invention described below overcomes the mis 

alignment problems mentioned above, while creating a 
greater effective thin film transistor gate length and a 
self-aligned thin film transistor source. According to the 
methods described below, only two layers of polysili 
con are required to create a CMOS inverter which 
utilizes a thin film transistor over an underlying MOS 
FET. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention is described 
below with reference to the following accompanying 
drawings, in which: 

FIG. 1 is a diagrammatic section view of a portion of 
a CMOS circuit in accordance with the prior art, and is 
described in the "Background' section above; 

FIG. 2 is a diagrammatic section view of a portion of 
the CMOS circuit shown in FIG. 1 wherein the thin 
film gate is misaligned in relation to the transistor gate; 

FIG. 3 is a diagrammatic section view of a portion of 
the CMOS circuit shown in FIG. 1 wherein the thin 
film gate is misaligned in relation to the transistor gate; 

FIG. 4 is a diagrammatic section of portion of a pre 
ferred CMOS circuit in accordance with the invention, 
the circuit being shown at an initial processing step; 

FIG. 5 is a diagrammatic section of a preferred 
CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 4; 

FIG. 6 is a diagrammatic section of a preferred 
CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 5; 

FIG. 7 is a diagrammatic section of a preferred 
CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 6; 
FIG. 8 is a diagrammatic section of a preferred 

CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 7; 
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FIG. 9 is a diagrammatic section of a preferred 
CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 8; 
FIG. 10 is a diagrammatic section of a preferred 

CMOS circuit in accordance with the invention, the 
circuit being shown at a processing step subsequent to 
that illustrated in FIG. 9; and 
FIG. 11 is a diagrammatic section of an alternate 

embodiment of a CMOS circuit in accordance with the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in fur 
therance of the constitutional purposes of the U.S. Pa 
tent Laws "to promote the progress of science and 
useful arts.' U.S. Constitution, Article 1, Section 8. 

In accordance with the invention, a method for form 
ing a thin film field effect transistor on a semiconductor 
substrate comprises the following steps: 

forming a transistor gate on a semiconductor sub 
strate, the transistor gate having a top surface and side 
walls; 

providing a thin gate insulating layer over the transis 
tor gate, the thin gate insulating layer coating the tran 
-sistor gate top surface and sidewalls, the thin gate insu 
lating layer having a thickness which is less than about 
700 Angstroms; and 

forming a thin semiconductor film over the transistor 
gate to a selected thickness, the thin film having a con 
ductively doped thin film channel region and conduc 
tively doped thin film active regions, the thin film chan 
nel region contacting the thin gate insulating layer op 
posite the transistor gate top surface and opposite the 
sidewalls, the transistor gate sidewalls in operation gat 
ing the opposite thin film channel region through the 
thin gate insulating layer. 

FIGS. 4-10 illustrate in more detail a method of this 
invention for forming a thin film field effect transistor 
on a semiconductor substrate. In the preferred embodi 
ment shown and described, a thin film transistor of one 
conductivity type is formed over an underlying MOS 
FET of the opposite conductivity type to form a CMOS 
inverter. Those familiar with semiconductor technol 
ogy, however, will realize that many advantages of the 
thin film transistor construction described below may 
be realized even in the absence of the underlying MOS 
FET. 
An underlying n-channel MOSFET is initially 

formed in a p-type substrate, largely in accordance with 
conventional processing steps. FIG. 4 shows an initial 
step wherein an underlying gate oxide layer 102 has 
been provided over a lightly doped p-type (p-) silicon 
or other semiconductor substrate 100 to a preferred 
thickness of about 150 Angstroms. A polysilicon transis 
tor gate 104 having a top surface 106 and at least one 
sidewall 108 has also been formed on semiconductor 
substrate 100 over underlying gate oxide layer 102. A 
doping or implanting with an n-type impurity such as 
phosphorus has been performed with a light implanting 
dose, preferably about 104 ions/cm2 at 30 KeV, to 
create lightly doped portions of an underlying transistor 
active or source region 110 and an underlying transistor 
active or drain region 112. 

Referring to FIG. 5, insulating spacers 114 are subse 
quently provided adjacent transistor gate sidewalls 108. 
In contrast to the prior art, spacers 114 are sacrificial 

10 

15 

25 

30 

35 

45 

50 

55 

65 

4. 
and are provided only to aid in creation of lightly doped 
regions within underlying transistor active regions 110 
and 112. Spacers 114 are created by first applying a 
thick layer of insulating material (not shown) over sub 
strate 100 and then patterning and etching the insulating 
material and the underlying areas of gate oxide layer 
102. The insulating material is preferably a nitride, 
ozone TEOS, or another material which can be re 
moved with good selectivity to the oxide of gate oxide 
layer 102. This allows spacers 114 to be subsequently 
removed without damage to gate oxide layer 102. 
Active regions 110 and 112 are then doped or im 

planted again with an n-type impurity such as arsenic, 
this time at a heavier implanting dose, preferably about 
4 times 105 ions/cm2 at 100 KeV. Sacrificial insulating 
spacers 114 block or restrict doping thereunder, form 
ing heavily doped portions of active regions 110 and 
112. Active regions 110 and 112 are therefore lightly 
doped near transistor gate 104 and heavily doped away 
from transistor gate 104. Transistor gate 104 and under 
lying transistor source and drain regions 110 and 112 
form the underlying MOSFET. 

After the formation of the underlying MOSFET as 
described above, sacrificial insulating spacers 114 are 
etched and substantially removed as shown in FIG. 6. 
The etching which removes spacers 114 is preferably 
selective to gate oxide layer 102 to prevent damage to 
gate oxide layer 102. Extending portions of gate oxide 
layer 102 therefore remain over active regions 110 and 
112 near transistor gate 104. These extending portions 
are preferably removed with a dry etching process, 
although in some instances their removal may be unnec 
essary because of the negligible thickness of gate oxide 
layer 102. 

Subsequent to removing sacrificial insulating spacers 
114, a thin gate insulating layer 116 is conformally de 
posited or otherwise provided as shown in FIG. 7. Thin 
gate insulating layer 116 coats top surface 106 and side 
walls 108 of transistor gate 104 while also overlying and 
contacting underlying source and drain regions 110 and 
112. Thin gate insulating layer 116 has a thickness 
which is preferably less than about 700 Angstroms and 
greater than about 100 Angstrons. 

Referring now to FIGS. 8-10, thin gate insulating 
layer 116 is patterned and etched, forming an exposed 
underlying drain area 125. A thin polysilicon semicon 
ductor film 120 is conformally deposited or otherwise 
provided to a selected thickness over transistor gate 104 
and over underlying transistor active regions 110 and 
112, covering exposed drain area 125 (FIG. 9). The 
selected thickness of thin semiconductor film 120 is 
preferably less than about 1500 Angstroms. 
Thin semiconductor film 120 is conductively doped 

to form an n-thin film channel region 122, a p-- thin 
film source region 124, and a p-- thin film drain region 
126 of a thin film transistor (FIG. 10). More specifically, 
the entire semiconductor film 120 is first implanted with 
an n-type impurity such as phosphorous with a pre 
ferred dose of about 5 times 1012 ions/cm2 at 25 KeV to 
create a conductively doped channel region 122 and to 
provide the desired thin film transistor gate threshold. 
Photoresist is then applied and patterned over channel 
region 122 and semiconductor film 120 is implanted 
with a p-type impurity such as boron difluoride at a 
preferred dose of about 2 times 104 ions/cm2 at 25 KeV 
to create conductively doped p -- thin film source and 
drain regions 124 and 126. Finally, photoresist is applied 
and patterned, and an n-type impurity such as phospho 
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rous is implanted at a preferred dose of about 5 times 
101 ions/cm2 at 25 KeV over exposed drain area 125 to 
create an n+ connecting region 130. Connecting region 
130 overlies and contacts one of the underlying active 
regions, specifically underlying drain region 112, con 
ductively connecting between one of the thin film ac 
tive regions and the one underlying active region. 
Thin film source region 124 contacts thin gate insulat 

ing layer 116 opposite underlying transistor source re 
gion 110. Thin film channel region 122 has a top region 
140 and sidewall regions 142. Top region 140 contacts 
thin gate insulating layer 116 opposite transistor gate 
top surface 106. Sidewall regions 142 contact thin gate 
insulating layer 116 opposite transistor gate sidewalls 
108. Thin film channel region 122 extends beyond tran 
sistor gate 104 toward thin film source 124 to form a 
source-gated region 146 which contacts thin gate insu 
lating layer 116 opposite underlying active region 110. 
Underlying active region 110 in operation functions as a 
conductive gating region to gate the opposite thin film 
channel source-gated region 146 through thin gate insu 
lating layer 116 as described more fully below. Thin 
film channel region 122 additionally includes an offset 
region 144 which contacts thin gate insulating layer 116 
opposite underlying transistor drain region 112. 
Thin film drain region 126 contacts thin gate insulat 

ing layer 116 opposite underlying transistor drain re 
gion 112. Thin film drain region 126 is adjacent to and 
contacts connecting region 130. Connecting region 130 
therefore conductively connects thin film drain region 
126 and underlying drain region 112, forming a para 
sitic diode junction in thin semiconductor film 120 be 
tween thin film drain region 126 and connecting region 
130. Connecting region 130 has the same conductivity 
type as underlying transistor drain region 112 so that the 
diode is formed in thin semiconductor film 120 rather 
than at the junction of thin film 120 and underlying 
transistor drain region 112. This is desirable because of 
the lower diode voltage drop imposed by a thin film 
diode formed in polysilicon as opposed to the voltage 
drop imposed by a diode formed at exposed drain area 
125. 
Channel top region 140 is gated by transistor gate top 

surface 106 through thin gate insulating layer 116. Tran 
sistor gate sidewalls 108 in operation gate the opposite 
thin film channel sidewall regions 142 through thin gate 
insulating layer 116. Removing spacers 114 and utilizing 
gate sidewalls 108 to gate the opposite thin film transis 
tor channel regions through the thin layer of insulation 
results in a much greater effective channel length than is 
the case with prior art thin film transistors which in 
clude spacers. 

In addition, the construction described reduces or 
eliminates the effects of channel misalignment by pro 
viding source-gated region 146 which is always conduc 
tively gated. Thin film source region 124 and underly 
ing source region 110 are conductively connected to 
different voltages. Underlying source region 110 is con 
nected to Vs or ground and is thus at a low voltage 
relative to thin film source region 124 which is con 
nected to Vec, a positive logic voltage. Underlying 
source region 110 is similarly at a low voltage relative 
to channel source-gated region 146, thus creating a field 
through thin gate insulating layer 116 which conduc 
tively gates source-gated region 146. This gating is not 
possible with prior art circuits because of their rela 
tively thick layer of isolation oxide. 
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6 
Channel offset region 144 is also provided to reduce 

channel misalignment effects as well as to reduce thin 
film transistor leakage current as mentioned in the 
"Background' section above. 
Because the thin film transistor and underlying MOS 

FET are of different conductivity types and are both 
gated by transistor gate 104, one of the transistors is 
turned on at any time. Therefore one of the two differ 
ent voltages, Vcc or Vs is produced at connecting region 
130, depending on the voltage applied to transistor gate 
104. A relatively high voltage applied to gate 104 con 
ductively gates the channel region of the underlying 
n-channel MOSFET, turning the MOSFET on to result 
in a low voltage at connecting region 130. A relatively 
low voltage applied to gate 104 conductively gates thin 
film channel region 122, turning on the p-channel thin 
film transistor and resulting in a high voltage at con 
necting region 130. 

Variations of the structure and methods described 
above are of course possible without departing from the 
invention principles. For instance, it is not strictly nec 
essary that the thin film transistor thus far described be 
fabricated over an underlying MOSFET. However, in 
the absence of such an underlying transistor the source 
gated region could be eliminated. Even without the 
source-gated region the thin film transistor allows for 
significant variation in channel alignment because of the 
greatly increased effective channel length as compared 
to prior art circuits. Alternatively, the source-gated 
region could be gated on by an appropriately biased 
underlying region other than a MOSFET active region. 
As mentioned above, connecting region 130 is doped 

to the same conductivity type as underlying drain re 
gion 112 in order form a parasitic diode in thin film 120 
rather than at exposed drain area 125. A thin film diode 
imposes a smaller voltage drop when forward biased 
than would a diode formed at exposed drain area 125. 
The diode voltage drop can be further reduced by pro 
viding a silicide diode shunt (not shown) which overlies 
and contacts thin film drain region 126 and connecting 
region 130. Such a diode shunt does not constitute a part 
of this invention, but is described in Applicant's concur 
rently filed application entitled "Self-Aligned Diode 
Shunt for Static RAM. Thin Film Transistors,' by the 
same inventor, which is hereby incorporated by refer 
eCe. 

FIG. 11 shows an alternate embodiment of the inven 
tion which also eliminates the effect of the parasitic 
diode described above. The alternate embodiment is 
similar in most respects to the CMOS inverter already 
described. Regions and elements identical to those al 
ready described have been identically labelled. The 
circuit of FIG, 11 differs in the connection of thin film 
drain region 126a to underlying drain region 112. A 
silicide region or layer 150 is formed over exposed area 
125 before forming thin semiconductor film 120. Rather 
than doping connecting region 130a to the same con 
ductivity type as underlying drain region 112, connect 
ing region 130a is left at the same conductivity type as 
adjacent thin film drain region 126a. Connecting region 
130a overlies and contacts silicide region 150 to con 
ductively connect thin film drain region 126a and un 
derlying drain region 112. 

In compliance with the statute, the invention has been 
described in language more or less specific as to struc 
tural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features described, since the means herein disclosed 
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comprise preferred forms of putting the invention into 
effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the 
appended claims appropriately interpreted in accor 
dance with the doctrine of equivalents. 5 

I claim: 
1. A method of forming a thin film field effect transis 

tor on a semiconductor substrate comprising the follow 
ing sequential steps: 

forming a transistor gate on a semiconductor sub 
strate, the transistor gate having a top surface and 
sidewalls; 

providing sacrificial insulating spacers adjacent the 
transistor gate sidewalls; 

doping the semiconductor substrate to form underly 
ing transistor active regions, the sacrificial insulat 
ing spacers restricting doping thereunder, the tran 
sistor gate and underlying active regions forming 
an underlying field effect transistor; 

substantially removing the sacrificial insulating spac 
ers; 

providing a thin gate insulating layer over the transis 
tor gate, the thin gate insulating layer coating the 
transistor gate top surface and sidewalls, the thin 
gate insulating layer having a thickness which is 
less than about 700 Angstroms; and 

forming a thin semiconductor film over the transistor 
gate to a selected thickness, the thin film having a 
conductively doped thin film channel region and 
conductively doped thin film active regions, the 
thin film channel region contacting the thin gate 
insulating layer opposite the transistor gate top 
surface and opposite the sidewalls, the transistor 
gate sidewalls in operation gating the opposite thin 
film channel region through the thin gate insulating 35 
layer. 

2. The method of forming a thin film transistor of 
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claim 1 wherein the selected thickness of the thin semi 
conductor film is less than about 1500 Angstroms. 

3. The method of forming a thin film transistor of 40 
claim 1 wherein the thickness of the thin gate insulating 
layer is greater than about 100 Angstrons. 

4. The method of forming a thin film transistor of 
claim 1 wherein the thin film channel region contacts 
the thin gate insulating layer opposite one of the under- 45 
lying active regions, the one active region in operation 
gating the opposite thin film channel region through the 
thin gate insulating layer. 

5. A method of forming a CMOS inverter on a semi 
conductor substrate comprising the following steps: 

forming a transistor gate on a semiconductor sub 
strate, the transistor gate having a top surface and 
sidewalls; 

providing sacrificial insulating spacers adjacent the 
transistor gate sidewalls; 

doping the semiconductor base to form underlying 
transistor source and drain regions, the sacrificial 
insulating spacers restricting doping thereunder, 
the transistor gate and underlying source and drain 
regions forming an underlying field effect transis 
tor; 

substantially removing the sacrificial insulating spac 
ers; 

after substantially removing the sacrificial insulating 
spacers, providing a thin gate insulating layer 65 
which coats the transistor gate top surface and 
sidewalls, the thin gate insulating layer overlying 
and contacting the underlying source and drain 
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8 
regions, the thin gate insulating layer having a 
thickness which is less than about 700 Angstrons; 

forming a thin semiconductor film over the transistor 
gate, the thin film being conductively doped to 
form a thin film channel region, a thin film source 
region, and a thin film drain region of a thin film 
transistor; the thin film source region contacting 
the thin gate insulating layer opposite the underly 
ing source region; the thin film drain region con 
tacting the thin gate insulating layer opposite the 
underlying drain region; the thin film channel re 
gion contacting the thin gate insulating layer oppo 
site the transistor gate top surface and sidewalls; 
the thin film channel region contacting the thin 
gate insulating layer opposite the underlying 
source region; the transistor gate sidewalls in oper 
ation gating the opposite thin film channel region 
through the thin gate insulating layer; the underly 
ing source region in operation gating the opposite 
thin film channel region through the thin gate insu 
lating layer; 

conductively connecting the thin film source region 
and the underlying source region to different volt 
ages; and 

conductively connecting the thin film drain region 
and the underlying drain region together in pro 
duce one of the different voltages. 

6. The method of forming a CMOS inverter of claim 
5 wherein the thin semiconductor film has a thickness 
which is less than about 1500 Angstrons. 

7. The method of forming a CMOS inverter of claim 
6 wherein the thickness of the thin gate insulating layer 
is greater than about 100 Angstrons. 

8. The method of forming a CMOS inverter of claim 
6, the thin semiconductor film forming a connecting 
region overlying and contacting the underlying drain 
region to conductively connect the thin film drain re 
gion and the underlying drain region. 

9. The method of forming a CMOS inverter of claim 
5 wherein the underlying field effect transistor and the 
thin film transistor are of different conductivity types, 
the thin semiconductor film forming a connecting re 
gion overlying and contacting the underlying drain 
region to conductively connect the thin film drain re 
gion and the underlying drain region, the connecting 
region being of the same conductivity type as the under 
lying drain region to form a diode between the thin film 
drain region and the thin film connecting region. 

10. The method of forming CMOS inverter of claim 
5 further comprising: 

exposing an area of the underlying drain region; 
forming a silicide region over the exposed area of the 

underlying drain region before forming the thin 
semiconductor film; and 

the thin semiconductor film forming a connecting 
region overlying and contacting the silicide region 
to conductively connect the thin film drain region 
and the underlying drain region. 

11. A thin film field effect transistor formed over an 
underlying field effect transistor comprising: 

a transistor gate having a top surface and sidewalls; 
underlying transistor active regions, the transistor 

gate and underlying active regions forming an un 
derlying field effect transistor; 

a thin gate insulating layer coating the transistor gate 
top surface and sidewalls, the thin gate insulating 
layer overlying and contacting the underlying ac 
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tive regions, the thin gate insulating layer having a 
thickness of less than about 700 Angstrons; and 

a thin semiconductor film provided over the transis 
tor gate, the thin film having a conductively doped 
thin film channel region and thin film active re 
gions, the thin film and channel region contacting 
the thin gate insulating layer opposite the transistor 
gate top surface and opposite the sidewalls, the 
transistor gate sidewalls in operation gating the 
opposite thin film channel region through the thin 
gate insulating layer, wherein the thin semiconduc 
tor film forms a connecting region overlying and 
contacting one of the underlying active regions to 
conductively connect one of the thin film active 
regions and the one of the underlying active re 
gions 

12. The thin film field effect transistor and underlying 
field effect transistor of claim 11 wherein the thin semi 
conductor film has a thickness which is less than about 
1500 Angstroms. 

13. The thin film field effect transistor and underlying 
field effect transistor of claim 11 wherein the thickness 
of the thin gate insulating layer is greater than about 100 
Angstroms. 

14. The thin film field effect transistor and underlying 
field effect transistor of claim 11 wherein the thin film 
channel region contacts the thin gate insulating layer 
opposite one of the underlying active regions, the one 
active region in operation gating the opposite thin film 
channel region through the thin gate insulating layer. 

15. A CMOS inverter comprising: 
a transistor gate having a top surface and sidewalls; 
underlying transistor source and drain regions, the 

transistor gate and underlying source and drain 
regions forming an underlying field effect transis 
tor; 

a thin gate insulating layer coating the transistor gate 
top surface and sidewalls, the thin gate insulating 
layer overlying and contacting the underlying 
source and drain regions, the thin gate insulating 
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10 
layer having a thickness which is less than about 
700 Angstroms; and 

a thin semiconductor film which is conductively 
doped to form a thin film channel region, a thin 
film source region, and a thin film drain region of a 
thin film transistor; the thin film source region 
contacting the thin gate insulating layer opposite 
the underlying source region; the thin film drain 
region contacting the thin gate insulating layer 
opposite the underlying drain region; the thin film 
channel region contacting the thin gate insulating 
layer opposite the transistor gate top surface and 
sidewalls; the thin film channel region contacting 
the thin gate insulating layer opposite the underly 
ing source region; the transistor gate sidewalls in 
operation gating the opposite thin film channel 
region through the thin gate insulating layer; the 
underlying source region in operation gating the 
opposite thin film channel region through the thin 
gate insulating layer, the thin semiconductor film 
forming a connecting region overlying and con 
tacting the underlying drain region to conductively 
connect the thin film drain region and the underly 
ing drain region; and 

the thin film source region and the underlying source 
region being conductively connected to different 
voltages to produce one of the different voltages at 
the commonly connected thin film drain region and 
underlying drain region. 

16. The CMOS inverter of claim 15 wherein the thin 
semiconductor film has a thickness which is less than 
about 1500 Angstroms. 

17. The CMOS inverter of claim 15 wherein the 
thickness of the thin gate insulating layer is greater than 
about 100 Angstroms. 

18. The CMOS inverter of claim 15 wherein the un 
derlying field effect transistor and the thin film transis 
tor are of different conductivity types, the connecting 
region being of the same conductivity type as the under 
lying drain region to form a diode between the thin film 
drain region and the thin film connecting region. 
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